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Description of Progress

A series of 1,4-bis(2-furanyl)-2,5-disubstituted-p-phenylene monomers have been synthesized and

electropolymerized. Dimethyl, dimethoxy and longer chain dialkoxy pendants were investigated. These

new polymers exhibit conductivities of up to 10-1 S/cm when electrochemically doped in the presence of

C104-. Cyclic voltammetry has revealed that Eln- potentials are dependent on the nature of the substitueni.

however, the potentials are not affected by the length of the alkoxy chain. The band gap of each polymer

has been determined using optoelectrochemical techniques, and follow a similar trend. Nernst plots of

each system, determined from an optical absorption technique, have revealed the n value for oxidation to

be dependent on the nature of thL pendant group, but also independent of the pendant chain length.

PRDL O calculations on the monomers have shown them to be essentially planar with low barriers to

rotation. Electrogravimetric studies using a quartz crystal microbalance have demonstrated that the longer

chain aikoxy substituted polymers have a larger amount of mass increase associated with electrochemical

oxidation.

Poly[ (p-phenyleneterephthalamido)propane sulfonatel (PPTA-PS) with various extents of

sulfoalkylation, were synthesized by reacting poly(p-phenyleneterephthalamide) (PPTA, Kevlar) with

sodium hydride to prepare the PPTA anion and subsequently with 1,3-propanesultone. Characterization

and structural analyses of the polyelectrolytes formed were carried out by a combination of 13C NMR and

FI'-IR spectroscopies. The NMR spectra indicate the polymer backbone to be stable to the derivatization

reaction with mainly N-sulfoalkylation and a small amount of 0-sulfoalkylation. The IR spectra reveal an

increased chain flexibility with extent of sulfoalkylation as evidenced by comparison of hydrogen bonded

and non-hydrogen bonded N-H stretching modes. Viscosity measurements, as a function of

concentration, showed the highly sulfoalkylated polymer to exhibit typical polyelectrolyte behavior with

maximum viscosities in extremely dilute solutions. In a collaborative program with researchers at Wright

Patterson Air Force Base, the ternary phase behavior of the poly(p-phenylene benzobisthiazole)

(PBZT)/PPTIA-PS/methane sulfonic acid system has been investigated. In this rod/coil/solvent system,

intermolecular coil/rod interactions cause the phase behavior to deviate from Flory's theory for molecular

composites.



Studies on the chemical reduction of polypyrrole/naphthalene sulfonate thin films by hydrazine

have been completed. The use of polypyrrole film thickness and hydrazine concentration as variables has

enabled us to develop a quantitative model which reveals hydrazine adsorption on the polyi-aer surface,

subsequent penneation of reactant, and reaction with the polymer backbone as the key steps in the overall

reduction. Diffusion coefficients have been computed as well as the reaction stoichiometric coefficients

from these data.

The self-oxidation of neutral polypyrrole in N2 and 02 ambients has been studied by UV-visible

spectroelectrochemistry. In N2 , the sequence PP0 -4 PP+* _* pp2+ was established from the spectral

signatures. On the other hand, in an 02 ambient, the polaron state is bypassed.

We have performed conformational analyses and investigated the electronic structures of the

following polymers: (1) copolymers of heterocyclic rings such as pyrrole or furan with disubstituted

(methyl or methoxy groups) benzene; (2) copolymers of thiophene, pyrrole or furan with dimethoxy-

vinylene; and (3) poly(thieno-[3,4-b]-thiophene) systems using theoretical calculations. The latter system

has been found to have a calculated band gap of only 1.0 eV and experiments directed towards its

synthesis are being vigorously pursued.

Also we have successfully modified the extended Hiickel program by introducing modified off-

diagonal Hamiltonian elements such that a reasonable 1-dimensional band gap (p --- p* transition energ,

which corresponds to the peak position of the optical spectrum of polymers) can be predicted.
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Professor David Tirrell from the Polymer Science and Engineering Department, the University of
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